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© Apparatus for illuminating the fundus of an eye 
with a scanned sample beam of radiation, the 
scanned sample beam emerging from a beam scan- 
ner which is exposed to a sample beam, which 
apparatus is for use in optical coherence tomog- 
raphy. An embodiment of the apparatus includes: a 
scanner lens and a beamsplitter for transferring radi- 
ation from the scanned sample beam, including chief 
rays of the sample beam which emerge from a point 



of final deflection of the beam scanner, and (b) lens 
focusing the transferred radiation so that the 
scanned sample beam is focused onto the fundus by 
the eye. In accordance with the invention the scan- 
ner lens is fixed with respect to the beam scanner so 
that the point of final deflection is located substan- 
tially In the back focal plane of the scanner lens and 
the scanner lens is movable. 
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Technical Field of the Invention 

The present invention relates to method and 
apparatus for optical coherence tomographic 
("OCT") fundus imaging. 

Background of the Invention 

At present, two techniques of reflectometry are 
undergoing intensive research and development ef- 
forts, the two techniques being optical time domain 
reflectometry ("OTDR") and optical coherence do- 
main reflectometry ("OCDR"). OTDR is an optical 
analog of radar and sonar. In accordance with 
OTDR, short light pulses having pulse durations in 
picoseconds, or even femtoseconds, are emitted 
from a suitable laser source and impinge upon a 
sample. The light pulses are reflected from various 
structures comprising the sample and the reflected 
pulses are detected by a time resolving detector. 
The distance between each reflecting surface of 
the sample and the detector is determined by 
reason of its proportionality to the time of flight of 
the light pulses from the light source to the reflect- 
ing surface and back again. In practice, the detec- 
tion system can be a nonlinear, optical, cross cor- 
relation apparatus such as that described in an 
article entitled "Femtosecond Optical Ranging in 
Biological Systems" by J. G. Fujimoto et al., pub- 
lished in Optics Letters , Vol. 10., No. 3, March 
1986, pp. 150-152. As described in the article, a 
beam of light reflected from the sample is superim- 
posed upon a light pulse train emitted by the 
source in a nonlinear optical crystal. The optical 
pathlength of the reference beam is varied by 
moving a reference mirror which is mounted on a 
translation stage. 

The resolution of the OTDR technique can be 
further improved by an optical coherence domain 
reflectometry ("OCDR") technique which is de- 
scribed, for example, in an article entitled "New 
Measurement System for Fault Location in Optical 
Waveguide Devices Based on an Interferometric 
Technique" by K. Takada et al., published in Ap- 
plied Optics , Vol. 26, No. 9, May 1, 1987, pp. 1603- 
1606. In accordance with OCDR, a broad band, 
continuous wave source is used (in accordance 
with OTDR a pulsed light source is used). As 
shown in Section 7.5.8 of a book entitled "Princi- 
ples of Optics," 6th Edition, M. Born and E. Wolf, 
Pergamon Press, New York (1986), the coherence 
length L of the broad band, continuous wave light 
source is related to its bandwidth B by the follow- 
ing equation: 



c/B 



where c is the velocity of light. In accordance with 



OCDR, output from the source is separated into 
two beams by a beamsplitter. One of the beams 
impinges upon a mirror which is referred to below 
as a reference mirror. The other one of the beams 

5 is directed to impinge upon a sample. Light re- 
flected from the sample is superimposed with light 
reflected from the reference mirror. The superim- 
posed beams interfere if the optical path difference 
between the two beams is smaller than the coher- 

10 ence length of the light source. Further, in accor- 
dance with OCDR, the reference mirror is moved 
with a constant velocity. As a result, the interfer- 
ence is detected as a periodic variation of a detec- 
tor signal having a frequent equal to a Doppler shift 

75 frequency which is introduced by moving the refer- 
ence mirror with the constant velocity. The interfer- 
ence signal vanishes as soon as the optical path 
difference between the beam reflected from the 
sample and the beam reflected from the reference 

20 mirror becomes larger than the coherence length of 
the light source. As those skilled in the art readily 
appreciate, displacement of the reference mirror 
must be in a range which corresponds to the depth 
of the sample to be imaged. Hence, OCDR is a 

25 technique which provides optical ranging with a 
high resolution, which resolution is limited only by 
the bandwidth of the light source. 

OCDR is combined with a transverse scanning 
device to acquire three-dimensional images of 

30 semi-transparent objects such as the retina of the 
human eye in a technique which is referred to in 
the art as optical coherence tomography ("OCT"). 
This technique has been described, for example, in 
an article entitled "Optical Coherence Tomog- 

35 raphy" by Huang et al., published in Science , 254, 
November 22, 1 991 , pp. 1 1 78-1 1 81 . 

In ophthalmoscopic applications of OCT, it is 
necessary to locate the field of interest on the 
fundus, i.e., the location where the retina is to be 

40 scanned by an OCT sample beam. FIG. 1 shows a 
figure from a Ph.D. thesis entitled "Optical Coher- 
ence Tomography" by David Huang, Massachu- 
setts Institute of Technology, May, 1993 wherein a 
sample arm fiber of an OCT system is coupled to 

45 slitlamp biomicroscope 2000, a clinical instrument 
commonly used for examination of the eye. As 
shown in FIG. 1 , a transverse scanning mechanism 
is mounted on slitlamp biomicroscope 2000 and 
two galvanometer driven motors allow the sample 

so beam to be scanned in an arbitrary pattern on the 
retina. FIG. 1 shows OCT imaging device 2000 
consisting of slitlamp viewing optics 2010 and ocu- 
lar lens 2020 to image the fundus. As shown in 
FIG. 1, sample beam 2050, output from sample 

55 arm fiber 2060, is colli mated by colli mating lens 
2070 and steered by orthogonally mounted, gal- 
vanometer driven mirrors 2030 and 2040. Focusing 
lens 2080 and dichroic mirror 2090 direct the sam- 
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pie beam into the image plane of slitlamp otomicro- 
scope 2000. Then, ocular lens 2020, in combination 
with the optics of eye 2100, relays the image plane 
of slitlamp biomicroscope 2000 onto the retina. As 
disclosed, focusing lens 2080 and ocular lens 2020 
form a telecentric system so that the sample beam 
which impinges upon galvanoscanner 2030 is im- 
aged into the entrance pupil of eye 2100 and, as a 
result, vignetting is minimized. In addition, a red 
pilot beam is arranged to travel colinearly with the 
sample beam to enable an operator to see where 
the infrared sample beam is located on the fundus. 

The ophthalmoscopic application of OCT 
shown in FIG. 1, and described in the thesis, suf- 
fers from several disadvantages. The first disadvan- 
tage results from the fact that the refractive error of 
a human eye varies within a range of up to ± 20 
diopters. Therefore, there is a need to focus the 
sample beam and the imaging optics of slitlamp 
biomicroscope 2000 to compensate for the refrac- 
tive error of the human eye. However, in the ap- 
paratus shown in FIG. 1, focusing lens 2080 and 
slitlamp viewing optics 2010 are fixed. As a result, 
the required focusing is accomplished by moving 
ocular lens 2020 along the optical axis of slitlamp 
biomicroscope 2000. A disadvantage of this is that 
the image of galvanometer driven mirror 2030, as 
well as the image of slit illumination 2110, moves 
relative to the pupil of eye 2100 when ocular lens 
2020 is adjusted. Thus, one must refocus illumina- 
tion 2110 by moving microscope 2000. Then, one 
must refocus the image of the fundus, and so forth, 
to iterate to a position wherein both illumination 
2110 and mirror 2030 are properly focused. 

The second disadvantage results from adjust- 
ments which are typically made to overcome the 
effect of using a bright illumination light source in 
fundus imaging. It is necessary to use a bright 
illumination light source in fundus imaging because 
the low backscattering efficiency of the fundus (the 
fundus reflectivity is approximately 10-4) would oth- 
erwise result in a fundus image having a rather low 
light level. As shown in FIG. 1, and as described in 
the thesis, slit illumination 2110 is imaged into the 
eye pupil by ocular lens 2020. The reflectivity of 
the cornea of the eye and the reflectivity of ocular 
lens 2020 (in practice ocular lens 2020 is a Volk 
double aspheric bio lens manufactured by Volk of 
7893 Enterprise Drive, Mentor, Ohio 44060) are 
both on the order of 4%, which reflectivities are 
much greater than that of the fundus. Therefore, it 
is necessary to make adjustments to keep bac- 
kreflections from the cornea and from ocular lens 
2020 out of the observation path of slit biomicro- 
scope 2000. As disclosed in an instruction manual 
entitled "VOLK Double Aspheric Bio Lenses" pub- 
lished by Volk of Mentor, Ohio, at p. 3, adjustments 
are made to reduce backreflections by tilting slit 



illumination 2110 relative to the optical axis and by 
tilting ocular lens 2020. However, these adjust- 
ments cause astigmatism and vignetting. 

In light of the above, there is a need in the art 

5 for method and apparatus for OCT fundus imaging 
which overcomes the above-described problems. 

Advantageously, embodiments of the present 
invention overcome the above-described problems 
in the art and provide method and apparatus for 

70 OCT fundus imaging. 

A first aspect of the present invention is ap- 
paratus for illuminating the fundus of an eye with a 
scanned sample beam of radiation, the scanned 
sample beam emerging from a beam scanner 

75 which is exposed to a sample beam, which appara- 
tus is for use in optical coherence tomography and 
which apparatus comprises: (a) means for transfer- 
ring radiation from the scanned sample beam, in- 
cluding chief rays of the sample beam which 

20 emerge from a point of final deflection of the beam 
scanner, and (b) means for focusing the transferred 
radiation so that the scanned sample beam is fo- 
cused onto the fundus by the eye. The means for 
transferring comprises a lens means which is fixed 

25 with respect to the beam scanner so that the point 
of final deflection is located substantially in the 
back focal plane of the lens means and the lens 
means is movable. In one particular embodiment of 
this aspect of the present invention, the means for 

30 focusing comprises an ocular lens of a fundus 
camera and the means for transferring further com- 
prises a beamsplitter disposed to direct output 
from the lens means to the ocular lens. 

A second aspect of the present invention is 

35 apparatus for illuminating the fundus of an eye with 
a scanned sample beam of radiation, the scanned 
sample beam emerging from a beam scanner 
which is exposed to a sample beam, which appara- 
tus is for use in optical coherence tomography and 

40 which apparatus comprises: (a) means for transfer- 
ring radiation from the sample beam, including 
chief rays of the sample beam which emerge from 
a point of final deflection of the beam scanner, and 
(b) means for focusing the transferred radiation so 

45 that the scanned sample beam is focused onto the 
fundus by the eye. The means for transferring is 
fixed with respect to the beam scanner and at least 
a first portion of the focusing means so that the 
point of final deflection is located substantially in 

50 the back focal plane of the first portion of the 
focusing means and the first portion of the focusing 
means is movable. In one particular embodiment of 
this aspect of the present invention, the at least a 
first portion of the focusing means comprises an 

55 internal focusing lens of a fundus camera and the 
means for transferring comprises a beamsplitter 
disposed to direct the scanned sample beam to 
impinge upon the internal focusing lens. 



3 



EP 0 659 383 A2 



Brief Description of the Figure 

FIG. 1 shows, in pictorial form, a prior art OCT 
apparatus which utilizes a slitlamp biomicro- 
scope; 

FIG. 2 shows, in pictorial form, a fundus camera; 
FIG. 3 shows, in pictorial form, an embodiment 
of the present invention for use in connection 
with the fundus camera shown in FIG. 2; 
FIG. 4 shows, in pictorial form, a portion of the 
beamsplitter apparatus utilized in fabricating an 
embodiment of the present invention; 
FIG. 5 shows, in pictorial form, a preferred em- 
bodiment of the present invention for use in 
connection with the fundus camera shown in 
FIG. 2; 

FIG. 6 shows, in pictorial form, a preferred em- 
bodiment of OCDR which is utilized in OCT; 
FIG. 7 shows, in pictorial form, glass plate 403 
and various views of retroreflecting prism 404; 
and 

FIG. 8 shows, in pictorial form, an embodiment 
of the present invention formed from the com- 
bination of apparatus shown in FIGs. 5 and 6. 
Components which are the same in the various 
figures have been designated by the same nu- 
merals for ease of understanding. 

Detailed Description 

FIG. 2 shows, in pictorial form, a typical fundus 
camera 4000. As shown in FIG. 2, ocular lens 100 
generates an intermediate image of fundus 1010 of 
a patient's eye 1000. In the case of an emetropic 
eye, the intermediate fundus image generated by 
ocular lens 100 is located in the back focal plane of 
ocular iens 100. Relay lens 110 is a transfer lens 
which generates a further intermediate image of 
fundus 1010. Finally, the intermediate fundus im- 
age generated by relay lens 110 is imaged to CCD 
target 140 of a video port of fundus camera 4000 
by internal focusing lens 120 and tube lens 130. 
Illumination of fundus 1010 is provided by light 
source 150. Output beam 185 from light source 
150 is focused as beam 180 onto geometrical 
beamsplitter 170 which is placed behind ocular 
lens 100 at an image of eye pupil 1020 of eye 
1000. As is well known to those skilled in the art, a 
geometrical beamsplitter is a mirror, with an ap- 
erture, for reflecting a portion of a beam and for 
transmitting a portion of a beam and, as shown in 
FIG. 2, geometrical beamsplitter 170 reflects illu- 
mination beam 180 and transmits the observation 
beam. As shown in FIG. 2, output beam 185 from 
source 150 is focused onto geometrical beamsplit- 
ter 170 in such a manner that ocular lens 100 
focuses the reflection of beam 180 on eye pupil 
1020 of eye 1000 in an "off-center" configuration. 



Hence, the path of output beam 185 from source 
150 and the path of the observation beam which 
reaches CCD 140 are separated in the anterior 
chamber of eye 1000. As a result, almost no light 

5 from output beam 185 is scattered back into the 
observation path of fundus camera 4000. 

As shown in FIG. 2, and as occurs in a typical 
fundus camera, ocular lens 100, relay lens 110, 
and tube lens 130 are fixed and internal focusing 

w lens 120 is movable. In practice, fundus camera 
4000 is physically moved into position so that 
output beam 185 from light source 150 is focused 
on eye pupil 1020. Then, internal focusing lens 120 
is used to focus fundus 1010 on CCD 140. As 

75 shown in FIG. 2, geometrical beamsplitter 170 con- 
stitutes the aperture stop of the observation path 
and it is located at the focal plane of relay lens 110 
so that the aperture is imaged to infinity (telecen- 
tricity). Finally, internal focusing lens 120 images 

20 pupil 1020 into tube lens 130, and tube lens 130 
ensures that the magnification of the whole system 
does not change when internal focusing lens 120 is 
moved to focus the image of fundus 1010 on CCD 
140. 

25 Further beamsplitters are typically positioned 
between tube lens 130 and internal focusing lens 
120 for use as an additional observational port. 

FIG. 3 shows, in pictorial form, an embodiment 
of the present invention for use in connection with 

30 fundus camera 4000 shown in FIG. 2. Since ocular 
lens 100 is fixed, it is necessary to focus sample 
beam 200 separately. As shown in FIG. 3, sample 
beam 200 impinges upon beam scanner 210. 
Beam scanner 210 may be fabricated, for example, 

35 as a galvanometric beam scanner such as the one 
that is disclosed in the thesis discussed in the 
Background of the Invention. The hatched lines in 
FIG. 3 show the manner in which beam scanner 
210 moves sample beam 200 and the manner in 

40 which sample beam 200 is imaged into eye pupil 
1020. The chief rays of sample beam 200, at 
various scan positions of beam scanner 210, de- 
scribe a ray pencil which emerges from the center 
of beam scanner 210. In general, the chief rays 

45 describe a ray pencil which emerges from a point 
of final deflection of beam scanner 210 since beam 
scanner 210 may be comprised of several deflec- 
tors and/or mirrors. In accordance with the present 
invention: (a) the point of final deflection of beam 

so scanner 210 is disposed substantially in the back 
focal plane of scanner lens 215 which is mounted 
on movable stage 213 and (b) beam scanner 210 is 
rigidly connected to the movable stage of scanner 
lens 215 to ensure that the point of final deflection 

55 of beam scanner 210 is disposed substantially in 
the back focal plane of scanner lens 215 for sub- 
stantially all focusing positions of scanner lens 215. 
As a result, the ray pencil is collimated by scanner 
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lens 215. Then, the collimated light Impinges upon 
beamsplitter 220 and beamsplitter 220 directs it to 
ocular lens 100. Ocular lens 100 is positioned so 
that collimated light impinging thereon is focused 
into eye pupil 1020. Finally, the sample beam is 
focused by the optics of eye 1000 onto fundus 
1010. Thus, in accordance with the present inven- 
tion, the point of final deflection of beam scanner 
210 is imaged into eye pupil 1020 for all focusing 
positions because of the collimated space between 
ocular lens 100 and scanner lens 215. If this were 
not the case, then vignetting would occur whereby 
scanning of sample beam 200 would be limited by 
eye pupil 1020. As one can readily appreciate, in 
order to use the embodiment shown in FIG. 3, one 
must physically move fundus camera 4000 to focus 
illumination beam 180, adjust internal focusing lens 
120 to focus the observation path, and adjust scan- 
ner lens 215 to focus the sample beam. Note that 
the point of final deflection of beam scanner 210 
(which is imaged to the focal point of ocular lens 
100 into eye pupil 1020) is not exactly focused into 
the same plane as the intermediate image of illu- 
mination source 150 which is located a finite dis- 
tance from ocular lens 100 in the plane of geomet- 
rical beamsplitter 170. However, this is not critical 
because the distance between ocular lens 100 and 
geometrical beamsplitter 170 can be long com- 
pared to the focal length of ocular lens 100 so that 
the image of illumination source 150 is also almost 
in the same plane as the point of final deflection of 
beam scanner 210. Of course those skilled in the 
art readily appreciate that the term point of final 
deflection is not restricted to a single point but also 
encompasses an area in which the chief rays of the 
sample beam are finally deflected in the beam 
scanner. 

FIG. 4 shows, in pictorial form, a portion of the 
beamsplitter apparatus utilized in fabricating an 
embodiment of the present invention. Introduction 
of beamsplitter 220 into fundus camera 4000 
causes a parallel shift of the optical axis of fundus 
camera 4000. In a fundus camera, the illumination 
optics is designed so that the vertex of ocular lens 
100 is not illuminated. This is done to avoid reflec- 
tions from ocular lens 100 back into the observa- 
tion path. With the use of beamsplitter 220, the 
illumination cone is shifted and light beams may hit 
the vertex of ocular lens 100 and, thereby, cause 
false light to be reflected into the observation path. 
As shown in FIG. 4, this is avoided by the use of 
compensation plate 230. The thickness and tilt 
angle of compensation plate 230 are determined in 
accordance with methods which are well known to 
those skilled in the art to compensate for the shift 
of the optical axis introduced by beamsplitter 220. 
Also, compensation plate 230 eliminates coma 
caused by tilted beamsplitter plate 220. 



FIG. 5 shows, in pictorial form, a preferred 
embodiment of the present invention for use in 
connection with fundus camera 4000 shown in FIG. 
2. As shown in FIG. 5, OCT sample beam 200 is 

5 coupled into fundus camera 4000 behind internal 
focusing lens 120. As also shown in FIG. 5, sample 
beam 200 impinges upon beam scanner 210 which 
reflects sample beam 200 onto beamsplitter 290. 
Beamsplitter 290 reflects the sample beam to inter- 

70 nal focusing lens 120. The chief rays of sample 
beam 200, at various scan positions of beam scan- 
ner 210, describe a ray pencil which emerges from 
the center of beam scanner 210. In general, the 
chief rays describe a ray pencil which emerges 

15 from a point of final deflection of beam scanner 
210 since beam scanner 210 may be comprised of 
several deflectors and/or mirrors. In accordance 
with the present invention: (a) the point of final 
deflection of beam scanner 210 is disposed sub- 

20 stantially in the back focal plane of internal focus- 
ing lens 120 and (b) mounting 281 for beamsplitter 
290 and mounting 287 for beam scanner 210 are 
rigidly connected to internal focusing lens 120 so 
that they all move together. This ensures that the 

25 point of final deflection of beam scanner 210 is 
disposed substantially in the back focal plane of 
internal focusing lens 120 for substantially all fo- 
cusing positions of internal focusing lens 1 20. As a 
result, the ray pencil is collimated by internal fo- 

30 cusing lens 120 and is focused by relay lens 110 
into the plane of geometrical beamsplitter 170. 
Then, ocular lens 100 focuses the ray pencil into 
eye pupil 1020. Thus, collimated sample beam 200 
is focused by internal focusing lens 120 in inter- 

35 mediate image plane 111 which is conjugate with 
CCD target 140. Relay lens 110 images intermedi- 
ate image plane 1 1 1 into intermediate image plane 
113 which is equal to the back focal plane of ocular 
lens 100 in the case of an emetropic eye. Then, 

40 ocular lens 100 and the optics of eye 1000 focus 
the sample beam onto fundus 1010. Since mount- 
ing 281 for beamsplitter 290 and mounting 287 for 
beam scanner 210 are rigidly connected to internal 
focusing lens 120 so that they all move together, 

45 the point of final deflection of beam scanner 210 is 
always imaged into the plane of geometrical beam- 
splitter 170, independent of the position of internal 
focusing lens 120. Hence, the scanning sample 
beam is not vignetted by the aperture stop of 

so geometrical beamsplitter 170. The preferred em- 
bodiment shown in FIG. 5 and described above is 
advantageous because: (a) the use of scanner lens 
215 of FIG. 3 is avoided and (b) the sample beam 
and the observation path are focused together. 

55 In accordance with a further aspect of the 
present invention, crossed polarizers are utilized, 
one in the illumination path and the other one in 
the observation path of the fundus camera. The 
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polarizer in the illumination path produces substan- 
tially linearly polarized light and the crossed polar- 
izer in the observation path eliminates light from 
the illumination path which is reflected by the cor- 
nea, or by ocular lens 100. The fundus primarily 
scatters and, therefore, primarily produces non- 
polarized light. As a result, the presence of the 
crossed polarizer in the observation path increases 
the signal reflected from the fundus when com- 
pared with light from the illumination path which is 
reflected by the cornea or by ocular lens 100. This 
aspect of the present invention is superior to a 
prior art practice of tilting ocular lens 100 to reduce 
reflections therefrom from entering the observation 
path. The superiority of the present invention re- 
sults from the fact that tilting of ocular lens 100 
produces vignetting of the sample beam. 

In accordance with a still further aspect of the 
present invention which is illustrated in FIG. 5, 
reflection from ocular lens 100 is removed by plac- 
ing physical stop 161 in beam 185, between lens 
160 and light source 150. Physical stop 161 is 
imaged onto ocular lens 100 to produce a hollow 
cone of illumination. As a result, ocular lens 100 is 
not illuminated at the center. 

A yet still further aspect of the present inven- 
tion addresses a problem which is caused by the 
fact that the field of view of the viewing system of 
fundus camera 4000 is limited. As a result of this, a 
patient's eye must be rotated to move a field of 
interest into the center of the field of view of the 
fundus camera. This is done, in accordance with 
the prior art, by shining an external fixation light 
into the patient's other eye, i.e., the eye which is 
not being examined. However, in accordance with 
the present invention, an internal fixation target is 
used to guide the patient's eye so that the new 
field of interest becomes centered and can be 
scanned by the OCT sample beam. The internal 
fixation target is developed by placing an object 
such as, for example, a needle, into the intermedi- 
ate image of the fundus. To do this, for example, 
the object is placed in the illumination path shown 
in FIG. 5 between physical stop 161 and source 
150. Then, the patient sees the shadow of the 
object without blocking the observation path. In an 
alternative to the use of an object, a visible light 
source such as, for example, a visible LED is 
located in the image plane of a video port of the 
fundus camera. In accordance with the present 
invention, the light source is fixed to a plate which 
is manually movable in the x- and y-directions in a 
mount located at an image plane conjugate to CCD 
target 140. In practice, the light source is coupled 
into the camera between tube lens 130 and internal 
focusing lens 120 by, for example, a beamsplitter. 

In order to provide successful OCDR, image 
acquisition time must be very short because of 



saccadic movements of the eye. The image ac- 
quisition speed of apparatus described in the art is 
limited by the maximum speed of a translation 
stage of a reference mirror and by the amplitude of 

5 displacement of the reference mirror. In accor- 
dance with OCDR, the amplitude must be in the 
range of the thickness of the sample, for example, 
the retina. However, in practice it is necessary to 
choose a much larger amplitude to overcome the 

w difficulty of focusing onto the fundus with the nec- 
essary precision. The translation stage in the art is 
driven with a sawtooth-like voltage. However, for 
high frequencies, the response of the mechanical 
system becomes more or less sinusoidal because 

75 high frequency components of the sawtooth func- 
tion are not transmitted by the damped mechanical 
system. This is a serious drawback for OCDR 
because the heterodyne signal is bandpass filtered 
to eliminate the 1/f noise of the detection system. If 

20 the Doppler shift varies in a sinusoidal fashion due 
to movement of the reference mirror, the duty 
cycle of the detection system decreases consider- 
ably because the signal passes a bandpass filter 
only in that phase of mirror oscillation where the 

25 Doppler shifted signal fits into the bandpass filter. 

FIG. 6 shows, in pictorial form, a preferred 
embodiment of OCDR which is utilized in OCT. As 
shown in FIG. 6, beam 500 which is emitted by 
source 401, for example, a superluminescent di- 

30 ode, is split by beamsplitter 402 into reference 
beam 510 and sample beam 520. Reference beam 
510: (a) passes through rotating glass plate 403; (b) 
hits retroreflecting prism 404 and is reflected back, 
with a vertical offset; and (c) passes through glass 

35 plate 403 again. Glass plate 403 has four facets of 
equal length and introduces a periodic change in 
the optical path in a manner which will be de- 
scribed below. Sample beam 520 is reflected at 
mirror 415 and passes through glass plate 403 at a 

40 45 degree angle with respect to reference beam 
510. The sample beam strikes retroreflecting prism 
406 and is reflected back in a deeper plane 
through glass plate 403 so that it passes under- 
neath mirror 415 and strikes mirror 417. Glass plate 

45 403 introduces a periodic change in the optical 
path which has the same period as that of refer- 
ence beam 510, but with an offset of 45 degrees. 
The resulting path length difference between refer- 
ence beam 510 and sample beam 520 is linear. 

so Further, since glass plate 403 is symmetric, and 
the angle between reference beam 510 and sample 
beam 520 is substantially equal to 45 degrees, one 
obtains a symmetrical, sawtooth-like path variation 
and, therefore, a constant Doppler frequency. The 

55 Doppler frequency f = 2v/c, where c is the velocity 
of light and v is the "pathlength difference velocity" 
which will be described below. Advantageously, in 
accordance with the present invention, the fact that 
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glass plate 403 is a symmetrical four facet polygon 
provides that a sawtooth-like path length variation 
can be achieved. Further, in accordance with the 
present invention, the fact that the angle between 
reference beam 510 and sample beam 520 is sub- 
stantially equal to 45 degrees provides that the 
sawtooth is symmetrical. 

As further shown in FIG. 6, sample beam 520 
is deflected by mirror 417 into sample beam 200 
which was utilized as described above in conjunc- 
tion with FIGs. 3 and 5. For example, FIG. 8 shows, 
in pictorial form, an embodiment of the present 
invention formed from the combination of apparatus 
shown in FIGs. 5 and 6. As those skilled in the art 
readily appreciate, the sample beam may be in- 
jected into an optical fiber. Reflections from fundus 
1010 are deflected by beamsplitter 409 and mirror 
410 to beamsplitter 411. The reflected sample 
beam is then superimposed with reference beam 
510 which is reflected by mirror 412 (mirror 412 is 
located underneath beam 500 which emerges from 
source 401). Finally, detectors 413 and 414 mea- 
sure periodic interference signals as a function of 
time and with frequencies equal to the Doppler 
frequency in a manner which has been described 
in the prior art. The phase difference of the two 
signals is 180 degrees, which difference is com- 
pensated for in a manner which is well known in 
the art so that the two signals can be added to 
increase the signal to noise ratio. 

Although the apparatus shown in FIG. 6 and 
described above is utilized in an OCT fundus imag- 
ing apparatus, it is within the spirit of the present 
invention that the apparatus can be utilized in a 
ranging device for an autofocus system having a 
high capture range, a distance sensor for measure- 
ment of surface topography with micron resolution, 
and so forth. 

FIG. 7 shows, in pictorial form, glass plate 403 
and various views of retroreflecting prism 404. 
Glass plate 403 rotates, and the rotation angle <f> is 
defined to be zero when glass surface I is per- 
pendicular to incoming beam 510. As shown in 
FIG. 7, incoming beam 510 is refracted at glass 
surface I with an angle 4>' which is related to the 
rotational angle <f> of glass plate 403 by Snail's law: 

sin </>' = sin ($)/n 

where n is the index of refraction of glass plate 
403. 

Beam 510 passes through glass plate 403 and 
is refracted again at surface II. For reasons of 
symmetry, the outgoing beam is parallel to the 
incoming beam. The outgoing beam hits retro- 
reflecting prism 404 which is disposed perpendicu- 
lar to the outgoing beam. As a result, the outgoing 
beam is reflected back towards glass plate 403 in a 



plane which is deeper than the plane of the incom- 
ing beam by an offset s, as shown in a side view of 
retroreflecting prism 404 in FIG. 7. Hence, the 
beam passes through glass plate once more, but 
5 deeper. The length of this optical path has to be 
compared with the optical pathlength that beam 
510 experiences when it passes through glass 
plate 403 in a non-tilted position. 

The difference of the optical paths of the non- 
70 tilted and tilted positions of glass plate 403 are a 
function of rotation angle <t> which is given by: 

W(<f>) = D(n-1)-nD/cos$' + Dcosfo-Ocos^' 

15 where D is the length of a side of glass plate 403 
and <t>' = arcsin(sin($)/n). The optical pathlength 
difference is a nonlinear function of <#>. 

However, sample beam 520 passes through 
glass plate 403 at a 45 degree angle relative to 

20 reference beam 510. The pathlength variation of 
sample beam 520 due to rotating glass plate 403 is 
the same as has been set forth above for reference 
beam 510, but with an offset of W4. However, the 
resulting pathlength variation for reference beam 

25 510 and sample beam 520 is substantially linear 
and, because of the symmetry of glass plate 403 
and the fact that the angle between reference 
beams 510 and sample beam 520 is substantially 
equal to 45 degrees, one obtains a symmetrical 

30 saw tooth like path variation. The pathlength dif- 
ference velocity is equal to the product of the rate 
of change of W(4>) - W($-W4) with 4> multiplied by 
the angular velocity of glass plate 403. 

In preferred embodiments of the present inven- 

35 tion beamsplitters 220 and 290 are dichroic beam- 
splitters which are known in the art for reflecting 
wavelengths in the range of the sample beam and 
for transmitting other wavelengths. However, in al- 
ternative embodiments of the present invention, 

40 beamsplitters 220 and 290 could be replaced by a 
minus filter which is known in the art which reflects 
only wavelengths in the range of the sample beam 
and transmits other wavelengths. 

Those skilled in the art will recognize that the 

45 foregoing description has been presented for the 
sake of illustration and description only. As such, it 
is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. For exam- 
pie, modifications and variations are possible in 

50 light of the above teaching which are considered to 
be within the spirit of the present invention. Thus, it 
is to be understood that the claims appended here- 
to are intended to cover all such modification and 
variations which fall within the true scope and spirit 

55 of the invention. 
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Claims 

1. Apparatus for illuminating the fundus of an eye 
with a scanned sample beam of radiation, the 
scanned sample beam emerging from a beam 
scanner which is exposed to a sample beam, 
which apparatus comprises: 

means for transferring radiation from the 
scanned sample beam, including chief rays of 
the sample beam which emerge from a point 
of final deflection of the beam scanner; and 

means for focusing the transferred radi- 
ation so that the scanned sample beam is 
focused onto the fundus by the eye; 

wherein the means for transferring com- 
prises a lens means which is fixed with respect 
to the beam scanner so that the point of final 
deflection is located substantially in the back 
focal plane of the lens means and wherein the 
lens means is movable. 

2. The apparatus of claim 1 wherein the means 
for focusing comprises an ocular lens of a 
fundus camera. 

3. The apparatus of claim 2 wherein the means 
for transferring further comprises a beamsplit- 
ter disposed to direct output from the lens 
means to the ocular lens. 

4. The apparatus of claim 3 which further com- 
prises a compensation plate disposed in the 
fundus camera to compensate for shifting of an 
optical axis of the fundus camera by the beam- 
splitter. 

5. Apparatus for illuminating the fundus of an eye 
with a scanned sample beam of radiation, the 
scanned sample beam emerging from a beam 
scanner which is exposed to a sample beam, 
which apparatus comprises: 

means for transferring radiation from the 
scanned sample beam, including chief rays of 
the sample beam which emerge from a point 
of final deflection of the beam scanner; and 

means for focusing the transferred radi- 
ation so that the scanned sample beam is 
focused onto the fundus by the eye; 

wherein the means for transferring is fixed 
with respect to the beam scanner and at least 
a first portion of the focusing means so that 
the point of final deflection is located substan- 
tially in the back focal plane of the first portion 
of the focusing means and wherein the first 
portion of the focusing means is movable. 

6. The apparatus of claim 5 wherein the first 
portion of the means for focusing comprises an 



internal focusing lens of a fundus camera. 

7. The apparatus of claim 6 wherein the means 
for transferring comprises a beamsplitter dis- 

5 posed to direct the scanned sample beam to 

impinge upon the internal focusing lens. 

8. The apparatus of claim 6 which further com- 
prises light stop means disposed in an illu- 

w mination path of the fundus camera to provide 

a hollow cone of illumination radiation which 
impinges upon an ocular lens of the fundus 
camera. 

75 9. The apparatus of claim 2 which further com- 
prises light stop means disposed in an illu- 
mination path of the fundus camera to provide 
a hollow cone of illumination radiation which 
impinges upon an ocular lens of the fundus 

20 camera. 

10. The apparatus of claim 6 which further com- 
prises linearly polarizing means disposed in an 
illumination path of the fundus camera to sub- 

25 stantially linearly polarize radiation in an illu- 

mination beam and linearly polarizing means 
disposed in an observation path of the fundus 
camera, a direction of its linear polarization 
being substantially orthogonal to a direction of 

30 linear polarization of the means disposed in the 

illumination means. 

11. The apparatus of claim 2 which further com- 
prises linearly polarizing means disposed in an 

35 illumination path of the fundus camera to sub- 

stantially linearly polarize radiation in an illu- 
mination beam and linearly polarizing means 
disposed in an observation path of the fundus 
camera, a direction of its linear polarization 

40 being substantially orthogonal to a direction of 
linear polarization of the means disposed in the 
illumination means. 

12. The apparatus of claim 6 which further com- 
45 prises means for disposing a fixation target in 

an intermediate image of the fundus which is 
formed behind the ocular lens in an illumina- 
tion path of the fundus camera. 

so 13. The apparatus of claim 2 which further com- 
prises means for disposing a fixation target in 
an intermediate image of the fundus which is 
formed behind the ocular lens in an illumina- 
tion path of the fundus camera. 

55 

14. The apparatus of claim 6 which further com- 
prises means for disposing a visible light 
source in an image plane of a video port of the 
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fundus camera, the visible light source being 
movable. 

15. Apparatus for use in optical coherence tomog- 
raphy which includes a Doppler shifter, the 
Doppler shifter comprising: 

means for splitting a beam into a reference 
beam and a sample beam; 

a rotatable, refractive, light transmissive 
block, the block having four substantially equal 
length sides formed into a square; 

means for rotating the block; 

means for directing the reference beam to 
impinge on the block in a reference direction 
and means for directing the sample beam to 
impinge upon the block in a sample direction, 
the reference direction and the sample direc- 
tion being disposed substantially at a 45 de- 
gree angle with respect to each other; and 

a first and a second reflecting means dis- 
posed behind the block to reflect the reference 
beam and the sample beam emerging thereth- 
rough back through the block. 

16. Method for illuminating the fundus of an eye 
with a scanned sample beam of radiation, the 
scanned sample beam emerging from a beam 
scanner which is exposed to a sample beam, 
which method comprises the steps of: 

transferring radiation from the scanned 
sample beam, including chief rays of the sam- 
ple beam which emerge from a point of final 
deflection of the beam scanner; and 

focusing the transferred radiation so that 
the scanned sample beam is focused onto the 
fundus by the eye; 

wherein the step of transferring comprises 
transferring with a movable lens which is fixed 
with respect to the beam scanner so that the 
point of final deflection is located substantially 
in the back focal plane of the lens. 

17. Method for illuminating the fundus of an eye 
with a scanned sample beam of radiation, the 
scanned sample beam emerging from a beam 
scanner which is exposed to a sample beam, 
which apparatus comprises: 

transferring radiation from the scanned 
sample beam, including chief rays of the sam- 
ple beam which emerge from a point of final 
deflection of the beam scanner; and 

focusing the transferred radiation so that 
the scanned sample beam is focused onto the 
fundus by the eye; 

wherein the step of transferring comprises 
transferring with a beamsplitter which is fixed 
with respect to the beam scanner and a mov- 
able focusing lens so that the point of final 



deflection is located substantially in the back 
focal plane of the focusing lens. 
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Description 

Technical Field of the Invention 

[0001] The present invention relates to method and 5 
apparatus for optical coherence tomographic ("OCT") 
fundus imaging. 

Background of the Invention 

[0002] At present, two techniques of reflectometry are 
undergoing intensive research and development efforts, 
the two techniques being optical time domain reflectom- 
etry ("OTDR") and optical coherence domain reflectom- 
etry ("OCDR"). OTDR is an optical analog of radar and 
sonar. In accordance with OTDR, short light pulses hav- 
ing pulse durations in picoseconds, or even femtosec- 
onds, are emitted from a suitable laser source and im- 
pinge upon a sample. The light pulses are reflected from 
various structures comprising the sample and the re- 
flected pulses are detected by a time resolving detector. 
The distance between each reflecting surface of the 
sample and the detector is determined by reason of its 
proportionality to the time of flight of the light pulses from 
the light source to the reflecting surface and back again. 
In practice, the detection system can be a nonlinear, op- 
tical, cross correlation apparatus such as that described 
in an article entitled "Femtosecond Optical Ranging in 
Biological Systems" by J. G. Fujimoto et al., published 
in Optics Letters , Vol. 10., No. 3, March 1986, pp. 
150-152. As described in the article, a beam of light re- 
flected from the sample is superimposed upon a light 
pulse train emitted by the source in a nonlinear optical 
crystal. The optical pathlength of the reference beam is 
varied by moving a reference mirror which is mounted 
on a translation stage. 

[0003] The resolution of the OTDR technique can be 
further improved by an optical coherence domain reflec- 
tometry ("OCDR") technique which is described, for ex- 
ample, in an article entitled "New Measurement System 
for Fault Location in Optical Waveguide Devices Based 
on an Interferometric Technique" by K. Takada et al., 
published in Applied Optics , Vol. 26, No. 9, May 1 , 1 987, 
pp. 1603-1606. In accordance with OCDR, a broad 
band, continuous wave source is used (in accordance 
with OTDR a pulsed light source is used). As shown in 
Section 7.5.8 of a book entitled "Principles of Optics," 
6th Edition, M. Born and E. Wolf, Pergamon Press, New 
York (1986), the coherence length L of the broad band, 
continuous wave light source is related to its bandwidth 
B by the following equation: 

L = c/B 

where c is the velocity of light. In accordance with 
OCDR, output from the source is separated into two 
beams by a beamsplitter. One of the beams impinges 



upon a mirror which is referred to below as a reference 
mirror. The other one of the beams is directed to impinge 
upon a sample. Light reflected from the sample is su- 
perimposed with light reflected from the reference mir- 
ror. The superimposed beams interfere if the optical 
path difference between the two beams is smaller than 
the coherence length of the light source. Further, in ac- 
cordance with OCDR, the reference mirror is moved 
with a constant velocity. As a result, the interference is 
detected as a periodic variation of a detector signal hav- 
ing a frequency equal to a Dopplershift frequency which 
is introduced by moving the reference mirror with the 
constant velocity. The interference signal vanishes as 
soon as the optical path difference between the beam 
reflected from the sample and the beam reflected from 
the reference mirror becomes larger than the coherence 
length of the light source. As those skilled in the art read- 
ily appreciate, displacement of the reference mirror 
must be in a range which corresponds to the depth of 
the sample to be imaged. Hence, OCDR is a technique 
which provides optical ranging with a high resolution, 
which resolution is limited only by the bandwidth of the 
light source. 

[0004] OCDR is combined with a transverse scanning 
device to acquire three-dimensional images of semi- 
transparent objects such as the retina of the human eye 
in a technique which is referred to in the art as optical 
coherence tomography ("OCT'). This technique has 
been described, for example, in an article entitled "Op- 
tical Coherence Tomography" by Huang et al. , published 
in Science, 254, November 22, 1991, pp. 1178-1181. 
[0005] In ophthalmoscopic applications of OCT, it is 
necessary to locate the field of interest on the fundus, i. 
e., the location where the retina is to be scanned by an 
OCT sample beam. FIG. 1 shows a figure from a Ph.D. 
thesis entitled "Optical Coherence Tomography" by 
David Huang, Massachusetts Institute of Technology, 
May, 1 993 wherein a sample arm fiber of an OCT system 
is coupled to slitlamp biomicroscope 2000, a clinical in- 
strument commonly used for examination of the eye. As 
shown in FIG. 1 , a transverse scanning mechanism is 
mounted on slitlamp biomicroscope 2000 and two gal- 
vanometer driven motors allow the sample beam to be 
scanned in an arbitrary pattern on the retina. FIG. 1 
shows OCT imaging device 2000 consisting of slitlamp 
viewing optics 201 0 and ocular lens 2020 to image the 
fundus. As shown in FIG. 1 , sample beam 2050, output 
from sample arm fiber 2060, is collimated by collimating 
lens 2070 and steered by orthogonally mounted, galva- 
nometer driven mirrors 2030 and 2040. Focusing lens 
2080 and dichroic mirror 2090 direct the sample beam 
into the image plane of slitlamp biomicroscope 2000. 
Then, ocular lens 2020, in combination with the optics 
of eye 2100, relays the image plane of slitlamp biomi- 
croscope 2000 onto the retina. As disclosed, focusing 
lens 2080 and ocular lens 2020 form a telecentric sys- 
tem so that the sample beam which impinges upon gal- 
vanoscanner 2030 is imaged into the entrance pupil of 
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eye 2100 and, as a result, vignetting is minimized. In 
addition , a red pilot beam is arranged to travel colineaiiy 
with the sample beam to enable an operator to see 
where the infrared sample beam is located on the fun- 
dus, s 
[0006] The ophthalmoscopic application of OCT 
shown in FIG. 1 , and described in the thesis, suffers 
from several disadvantages. The first disadvantage re- 
sults from the fact that the refractive error of a human 
eye varies within a range of up to ± 20 diopters. There- 
fore, there is a need to focus the sample beam and the 
imaging optics of slitlamp biomicroscope 2000 to com- 
pensate for the refractive error of the human eye. How- 
ever, in the apparatus shown in FIG. 1 , focusing lens 
2080 and slitlamp viewing optics 2010 are fixed. As a 
result, the required focusing is accomplished by moving 
ocular lens 2020 along the optical axis of slitlamp biom- 
icroscope 2000. A disadvantage of this is that the image 
of galvanometer driven mirror 2030, as well as the im- 
age of slit illumination 211 0, moves relative to the pupil 
of eye 2100 when ocular lens 2020 is adjusted. Thus, 
one must refocus illumination 2110 by moving micro- 
scope 2000. Then, one must refocus the image of the 
fundus, and so forth, to iterate to a position wherein both 
illumination 21 1 0 and mirror 2030 are properly focused. 
[0007] The second disadvantage results from adjust- 
ments which are typically made to overcome the effect 
of using a bright illumination light source in fundus im- 
aging. It is necessary to use a bright illumination light 
source in fundus imaging because the low backscatter- 
ing efficiency of the fundus (the fundus reflectivity is ap- 
proximately 1 0-4) would otherwise result in a fundus im- 
age having a rather low light level. As shown in FIG. 1 , 
and as described in the thesis, slit illumination 2110 is 
imaged into the eye pupil by ocular lens 2020. The re- 
flectivity of the cornea of the eye and the reflectivity of 
ocular lens 2020 (in practice ocular lens 2020 is a Volk 
double aspheric bio lens manufactured by Volk of 7893 
Enterprise Drive, Mentor, Ohio 44060) are both on the 
order of 4%, which reflectivities are much greater than 
that of the fundus. Therefore, it is necessary to make 
adjustments to keep backreflections from the cornea 
and from ocular lens 2020 out of the observation path 
of slit biomicroscope 2000. As disclosed in an instruction 
manual entitled "VOLK Double Aspheric Bio Lenses" 
published by Volk of Mentor, Ohio, at p. 3, adjustments 
are made to reduce backreflections by tilting slit illumi- 
nation 2110 relative to the optical axis and by tilting oc- 
ular lens 2020. However, these adjustments cause 
astigmatism and vignetting. 

[0008] In light of the above, there is a need in the art 
for method and apparatus for OCT fundus imaging 
which overcomes the above-described problems. 

Summary of the invention 

[0009] Advantageously, embodiments of the present 
invention overcome the above-described problems in 



the art and provide method and apparatus for OCT fun- 
dus imaging, according to claim 1 and 12. 
[0010] In one particular embodiment of this aspect of 
the present invention, the means for imaging comprises 
an ocular lens of a fundus camera and the means for 
transferring further comprises a beamsplitter disposed 
to direct output from the lens means to the ocular lens. 
[001 1 ] A second aspect of the present invention is an 
apparatus for illuminating the fundus of an eye with a 
scanned sample beam of radiation. The apparatus also 
comprises a beam scanner which is exposed to a sam- 
ple beam to produce a scanned sample beam. The ap- 
paratus further comprises means for transferring radia- 
tion from the scanned sample beam, including chief rays 
of the sample beam which emerge from a point of final 
deflection of the beam scanner and means for transfer- 
ring the transferred radiation so that the scanned sam- 
ple beam is focused onto the fundus by the eye. The 
beam scanner, the means of transferring and the means 
for focusing the transferred radiation are connected and 
can be moved together so that the point of final deflec- 
tion is located substantially in the backfocal plane of the 
means for focusing. 

[0012] In one particular embodiment of this aspect of 
the present invention, the focusing means comprise an 
interna! focusing lens of a fundus camera and the means 
of transferring comprise a beamsplitter disposed to di- 
rect the scanned sample beam to impinge upon the in- 
ternal focusing lens. 

Brief Description of the Figures 

[0013] 

Fig. 1 shows in pictorial form, a prior art OCT appa- 
ratus which utilizes a slitlamp biomicroscope; 
Fig. 2 shows, in pictorial form, a fundus camera; 
Fig. 3 shows, in pictorial form, an embodiment of 
the present invention for use in connection with the 
fundus camera shown in Fig. 2; 
Fig. 4 shows, in pictorial form, a portion of the beam- 
splitter apparatus utilized in fabricating an embodi- 
ment of the present invention; 
Fig. 5 shows, in pictorial form, a preferred embodi- 
ment of the present invention for use in connection 
with the fundus camera shown in Fig. 2; 
Fig. 6 shows, in pictorial form, a preferred embodi- 
ment of OCDR which is utilized in OCT; 
Fig. 7 shows in pictorial form, glass plate 403 and 
various views of retroreflecting prism 404; and 
Fig. 8 shows, in pictorial form, an embodiment of 
the present invention formed from the combination 
of 

apparatus shown in FIGS. 5 and 6. 

[001 4] Components which are the same in the various 
figures have been designated by the same numerals for 
ease of understanding. 
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Detailed Description 

[001 5] FIG. 2 shows, in pictorial form, a typical fundus 
camera 4000. As shown in FIG. 2, ocular lens 100 gen- 
erates an intermediate image of fundus 1010 of a pa- 5 
tient*s eye 1000. In the case of an emetropic eye, the 
intermediate fundus image generated by ocular lens 
1 00 is located in the back focal plane of ocular lens 1 00. 
Relay lens 110 is a transfer lens which generates a fur- 
ther intermediate image of fundus 1010. Finally, the in- 
termediate fundus image generated by relay lens 1 1 0 is 
imaged to CCD target 1 40 of a video port of fundus cam- 
era 4000 by internal focusing lens 120 and tube lens 
130. Illumination of fundus 1010 is provided by light 
source 150. Output beam 185 from light source 150 is 
focused as beam 1 80 onto geometrical beamsplitter 1 70 
which is placed behind ocular lens 1 00 at an image of 
eye pupil 1020 of eye 1000. As is well known to those 
skilled in the art, a geometrical beamsplitter is a mirror, 
with an aperture, for reflecting a portion of a beam and 
for transmitting a portion of a beam and, as shown in 
FIG, 2, geometrical beamsplitter 170 reflects illumina- 
tion beam 1 80 and transmits the observation beam. As 
shown in FIG. 2, output beam 185 from source 150 is 
focused onto geometrical beamsplitter 170 in such a 
manner that ocular lens 100 focuses the reflection of 
beam 1 80 on eye pupil 1 020 of eye 1 000 in an "off-cent- 
er" configuration. Hence, the path of output beam 185 
from source 1 50 and the path of the observation beam 
which reaches CCD 1 40 are separated in the anterior 
chamber of eye 1000. As a result, almost no light from 
output beam 185 is scattered back into the observation 
path of fundus camera 4000. 
[0016] As shown in FIG. 2, and as occurs in a typical 
fundus camera, ocular lens 1 00, relay lens 1 1 0, and tube 
lens 1 30 are fixed and internal focusing lens 1 20 is mov- 
able. In practice, fundus camera 4000 is physically 
moved into position so that output beam 1 85 from light 
source 150 is focused on eye pupil 1020. Then, internal 
focusing lens 1 20 is used to focus fundus 1 01 0 on CCD 
140. As shown in FIG. 2, geometrical beamsplitter 1 70 
constitutes the aperture stop of the observation path and 
it is located at the focal plane of relay lens 1 1 0 so that 
the aperture is imaged to infinity (telecentricity). Finally, 
internal focusing lens 120 images pupil 1020 into tube 
lens 1 30, and tube lens 1 30 ensures that the magnifica- 
tion of the whole system does not change when internal 
focusing lens 1 20 is moved to focus the image of fundus 
1010 on CCD 140. 

[0017] Further beamsplitters are typically positioned 
between tube lens 130 and internal focusing lens 120 
for use as an additional observational port. 
[0018] FIG. 3 shows, in pictorial form, an embodiment 
of the present invention for use in connection with fun- 
dus camera 4000 shown in FtG. 2. Since ocular lens 
100 is fixed, it is necessary to focus sample beam 200 
separately. As shown in FIG. 3, sample beam 200 im- 
pinges upon beam scanner 210. Beam scanner 210 



may be fabricated, for example, as a galvanometric 
beam scanner such as the one that is disclosed in the 
thesis discussed in the Background of the Invention. 
The hatched lines in FIG. 3 show the manner in which 
beam scanner 210 moves sample beam 200 and the 
manner in which sample beam 200 is imaged into eye 
pupil 1 020. The chief rays of sample beam 200, at var- 
ious scan positions of beam scanner 21 0, describe a ray 
pencil which emerges from the center of beam scanner 
210. In general, the chief rays describe a ray pencil 
which emerges from a point of final deflection of beam 
scanner 210 since beam scanner 210 may be com- 
prised of several deflectors and/or mirrors. In accord- 
ance with the present invention: (a) the point of final de- 
flection of beam scanner 210 is disposed substantially 
in the back focal plane of scanner lens 215 which is 
mounted on movable stage 213 and (b) beam scanner 
210 is rigidly connected to the movable stage of scanner 
lens 215 to ensure that the point of final deflection of 
beam scanner 21 0 is disposed substantially in the back 
focal plane of scanner lens 215 for substantially all fo- 
cusing positions of scanner lens 215. As a result, the 
ray pencil is collimated by scanner lens 215. Then, the 
collimated light impinges upon beamsplitter 220 and 
beamsplitter 220 directs it to ocular lens 100. Ocular 
lens 100 is positioned so that collimated light impinging 
thereon is focused into eye pupil 1020. Finally, the sam- 
ple beam is focused by the optics of eye 1 000 onto fun- 
dus 1010. Thus, in accordance with the present inven- 
tion, the point of final deflection of beam scanner 21 0 is 
imaged into eye pupil 1 020 for all focusing positions be- 
cause of the collimated space between ocular lens 100 
and scanner lens 215. If this were not the case, then 
vignetting would occur whereby scanning of sample 
beam 200 would be limited by eye pupil 1020. As one 
can readily appreciate, in order to use the embodiment 
shown in FIG. 3, one must physically move fundus cam- 
era 4000 to focus illumination beam 1 80, adjust internal 
focusing lens 120 to focus the observation path, and ad- 
just scanner lens 215 to focus the sample beam. Note 
that the point of final deflection of beam scanner 21 0 
(which is imaged to the focal point of ocular lens 100 
into eye pupil 1 020) is not exactly focused into the same 
plane as the intermediate image of illumination source 
150 which is located a finite distance from ocular lens 
100 in the plane of geometrical beamsplitter 170. How- 
ever, this is not critical because the distance between 
ocular lens 100 and geometrical beamsplitter 170 can 
be long compared to the focal length of ocular lens 100 
so that the image of illumination source 150 is also al- 
most in the same plane as the point of final deflection of 
beam scanner 210. Of course those skilled in the art 
readily appreciate that the term point of final deflection 
is not restricted to a single point but also encompasses 
an area in which the chief rays of the sample beam are 
finally deflected in the beam scanner. 
[0019] FIG. 4 shows, in pictorial form, a portion of the 
beamsplitter apparatus utilized in fabricating an embod- 
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iment of thepresent invention. Introduction of beamsplit- 
ter 220 into fundus camera 4000 causes a parallel shift 
of the optical axis of fundus camera 4000. In a fundus 
camera, the illumination optics is designed so that the 
vertex of ocular lens 1 00 is not illuminated. This is done 
to avoid reflections from ocular lens 1 00 back into the 
observation path. With the use of beamsplitter 220, the 
illumination cone is shifted and light beams may hit the 
vertex of ocular lens 100 and, thereby, cause false light 
to be reflected into the observation path. As shown in 
FIG. 4, this is avoided by the use of compensation plate 
230. The thickness and tilt angle of compensation plate 
230 are determined in accordance with methods which 
are well known to those skilled in the art to compensate 
for the shift of the optical axis introduced by beamsplitter 
220. Also, compensation plate 230 eliminates coma 
caused by tilted beamsplitter plate 220. 
[0020] FIG. 5 shows, in pictorial form, a preferred em- 
bodiment of the present invention for use in connection 
with fundus camera 4000 shown in FIG. 2. As shown in 
FIG. 5, OCT sample beam 200 is coupled into fundus 
camera 4000 behind internal focusing lens 120. As also 
shown in FIG. 5, sample beam 200 impinges upon beam 
scanner 210 which reflects sample beam 200 onto 
beamsplitter 290. Beamsplitter 290 reflects the sample 
beam to internal focusing lens 120. The chief rays of 
sample beam 200, at various scan positions of beam 
scanner 21 0, describe a ray pencil which emerges from 
the center of beam scanner 210. In general, the chief 
rays describe a ray pencil which emerges from a point 
of final deflection of beam scanner 210 since beam 
scanner 210 may be comprised of several deflectors 
and/or mirrors. In accordance with the present inven- 
tion: (a) the point of final deflection of beam scanner 210 
is disposed substantially in the back focal plane of inter- 
nal focusing lens 120 and (b) mounting 281 for beam- 
splitter 290 and mounting 287 for beam scanner 21 0 are 
rigidly connected to internal focusing lens 120 so that 
they all move together. This ensures that the point of 
final deflection of beam scanner 21 0 is disposed sub- 
stantially in the back focal plane of internal focusing lens 
120 for substantially all focusing positions of internal fo- 
cusing lens 120. As a result, the ray pencil is collimated 
by internal focusing lens 120 and is focused by relay 
lens 110 into the plane of geometrical beamsplitter 1 70. 
Then, ocular lens 100 focuses the ray pencil into eye 
pupil 1020. Thus, collimated sample beam 200 is fo- 
cused by internal focusing lens 120 in intermediate im- 
age plane 111 which is conjugate with CCD target 140. 
Relay lens 110 images intermediate image plane 111 in- 
to intermediate image plane 113 which is equal to the 
back focal plane of ocular lens 1 00 in the case of an 
emetropic eye. Then, ocular lens 100 and the optics of 
eye 1000 focus the sample beam onto fundus 1010. 
Since mounting 281 for beamsplitter 290 and mounting 
287 for beam scanner 210 are rigidly connected to in- 
ternal focusing lens 120 so that they all move together, 
the point of final deflection of beam scanner 210 is al- 



ways imaged into the plane of geometrical beamsplitter 
1 70, independent of the position of internal focusing iens 
1 20. Hence, the scanning sample beam is not vignetted 
by the aperture stop of geometrical beamsplitter 170. 
5 The preferred embodiment shown in FIG. 5 and de- 
scribed above is advantageous because: (a) the use of 
scanner lens 21 5 of FIG. 3 is avoided and (b) the sample 
beam and the observation path are focused together. 
[0021] In-accordance with a further aspect of the 
present invention, crossed polarizers are utilized, one 
in the illumination path and the other one in the obser- 
vation path of the fundus camera. The polarizer in the 
illumination path produces substantially linearly polar- 
ized light and the crossed polarizer in the observation 
path eliminates light from the illumination path which is 
reflected by the cornea, or by ocular lens 100. The fun- 
dus primarily scatters and, therefore, primarily produces 
non-polarized light. As a result, the presence of the 
crossed polarizer in the observation path increases the 
signal reflected from the fundus when compared with 
light from the illumination path which is reflected by the 
cornea or by ocular lens 100. This aspect of the present 
invention is superior to a prior art practice of tilting ocular 
lens 1 00 to reduce reflections therefrom from entering 
the observation path. The superiority of the present in- 
vention results from the fact that tilting of ocular lens 1 00 
produces vignetting of the sample beam. 
[0022] In accordance with a still further aspect of the 
present invention which is illustrated in FIG. 5, reflection 
from ocular lens 1 00 is removed by placing physical stop 
161 in beam 185, between lens 160 and light source 
150. Physical stop 161 is imaged onto ocular lens 100 
to produce a hollow cone of illumination. As a result, oc- 
ular lens 100 is not illuminated at the center. 
[0023] A yet still further aspect of the present inven- 
tion addresses a problem which is caused by the fact 
that the field of view of the viewing system of fundus 
camera 4000 is limited. As a result of this, a patient's 
eye must be rotated to move a field of interest into the 
center of the field of view of the fundus camera. This is 
done, in accordance with the prior art, by shining an ex- 
ternal fixation light into the patient's other eye, i.e., the 
eye which is not being examined. However, in accord- 
ance with the present invention, an internal fixation tar- 
get is used to guide the patient's eye so that the new 
field of interest becomes centered and can be scanned 
by the OCT sample beam. The internal fixation target is 
developed by placing an object such as, for example, a 
needle, into the intermediate image of the fundus. To do 
this, for example, the object is placed in the illumination 
path shown in FIG. 5 between physical stop 161 and 
source 150. Then, the patient sees the shadow of the 
object without blocking the observation path. In an al- 
ternative to the use of an object, a visible light source 
such as, for example, a visible LED is located in the im- 
age plane of a video port of the fundus camera. In ac- 
cordance with the present invention, the light source is 
fixed to a plate which is manually movable in the x- and 
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y-directions in a mount located at an image plane con- 
jugate to CCD target 1 40. In practice, the light source is 
coupled into the camera between tube lens 130 and in- 
ternal focusing lens 1 20 by, for example, a beamsplitter. 
[0024] In order to provide successful OCDR, image s 
acquisition time must be very short because of saccadic 
movements of the eye. The image acquisition speed of 
apparatus described in the art is limited by the maximum 
speed of a translation stage of a reference mirror and 
by the amplitude of displacement of the reference mirror. 
In accordance with OCDR, the amplitude must be in the 
range of the thickness of the sample, for example, the 
retina. However, in practice it is necessary to choose a 
much larger amplitude to overcome the difficulty of fo- 
cusing onto the fundus with the necessary precision. 
The translation stage in the art is driven with a sawtooth- 
like voltage. However, for high frequencies, the re- 
sponse of the mechanical system becomes more or less 
sinusoidal because high frequency components of the 
sawtooth function are not transmitted by the damped 
mechanical system. This is a serious drawback for 
OCDR because the heterodyne signal is bandpass fil- 
tered to eliminate the 1/f noise of the detection system. 
If the Doppler shift varies in a sinusoidal fashion due to 
movement of the reference mirror, the duty cycle of the 
detection system decreases considerably because the 
signal passes a bandpass filter only in that phase of mir- 
ror oscillation where the Doppler shifted signal fits into 
the bandpass filter. 

[0025] FIG. 6 shows, in pictorial form, a preferred em- 
bodiment of OCDR which is utilized in OCT. As shown 
in FIG. 6, beam 500 which is emitted by source 401 , for 
example, a superluminescent diode, is split by beam- 
splitter 402 into reference beam 510 and sample beam 
520. Reference beam 510: (a) passes through rotating 
glass plate 403; (b) hits retroreflecting prism 404 and is 
reflected back, with a vertical offset; and (c) passes 
through glass plate 403 again. Glass plate 403 has four 
facets of equal length and introduces a periodic change 
in the optical path in a manner which will be described 
below. Sample beam 520 is reflected at mirror 415 and 
passes through glass plate 403 at a 45 degree angle 
with respect to reference beam 510. The sample beam 
strikes retroreflecting prism 406 and is reflected back in 
a deeper plane through glass plate 403 so that it passes 
underneath mirror 415 and strikes mirror 417. Glass 
plate 403 introduces a periodic change in the optical 
path which has the same period as that of reference 
beam 51 0, but with an offset of 45 degrees. The result- 
ing path length difference between reference beam 510 
and sample beam 520 is linear. Further, since glass 
plate 403 is symmetric, and the angle between refer- 
ence beam 510 and sample beam 520 is substantially 
equal to 45 degrees, one obtains a symmetrical, saw- 
tooth-like path variation and, therefore, a constant Dop- 
pler frequency. The Doppler frequency f = 2v/c, where 
c is the velocity of light and v is the "pathlength differ- 
ence velocity" which will be described below. Advanta- 



geously, in accordance with the present invention, the 
fact that glass plate 403 is a symmetrical four facet pol- 
ygon provides that a sawtooth-like path length variation 
can be achieved. Further, in accordance with the 
present invention, the fact that the angle between refer- 
ence beam 510 and sample beam 520 is substantially 
equal to 45 degrees provides that the sawtooth is sym- 
metrical. 

[0026] As further shown in FIG. 6, sample beam 520 
is deflected by mirror 417 into sample beam 200 which 
was utilized as described above in conjunction with 
FIGS. 3 and 5. For example, FIG. 8 shows, in pictorial 
form, an embodiment of the present invention formed 
from the combination of apparatus shown in FIGs. 5 and 
6. As those skilled in the art readily appreciate, the sam- 
ple beam may be injected into an optical fiber. Reflec- 
tions from fundus 1010 are deflected by beamsplitter 
409 and mirror 410 to beamsplitter 411 . The reflected 
sample beam is then superimposed with reference 
beam 510 which is reflected by mirror 412 (mirror 412 
is located underneath beam 500 which emerges from 
source 401). Finally, detectors 413 and 414 measure 
periodic interference signals as a function of time and 
with frequencies equal to the Doppler frequency in a 
manner which has been described in the prior art. The 
phase difference of the two signals is 180 degrees, 
which difference is compensated for in a manner which 
is well known in the art so that the two signals can be 
added to increase the signal to noise ratio. 
[0027] Although the apparatus shown in FIG. 6 and 
described above is utilized in an OCT fundus imaging 
apparatus, it is within the spirit of the present invention 
that the apparatus can be utilized in a ranging device for 
an autofocus system having a high capture range, a dis- 
tance sensor for measurement of surface topography 
with micron resolution, and so forth. 
[0028] FIG. 7 shows, in pictorial form, glass plate 403 
and various views of retroreflecting prism 404. Glass 
plate 403 rotates, and the rotation angle $ is defined to 
be zero when glass surface I is perpendicular to incom- 
ing beam 510. As shown in FIG. 7, incoming beam 510 
is refracted at glass surface I with an angle <j>' which is 
related to the rotational angle <\> of glass plate 403 by 
Snell's law: 

sin <t>' = sin (cj>)/n 

where n is the index of refraction of glass plate 403. 
[0029] Beam 51 0 passes through glass plate 403 and 
is refracted again atsurface II. For reasons of symmetry, 
the outgoing beam is parallel to the incoming beam. The 
outgoing beam hits retroreflecting prism 404 which is 
disposed perpendicular to the outgoing beam. As a re- 
sult, the outgoing beam is reflected back towards glass 
plate 403 in a plane which is deeper than the plane of 
the incoming beam by an offset s, as shown in a side 
view of retroreflecting prism 404 in FIG. 7. Hence, the 
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beam passes through glass plate once more, but deep- 
er. The length of this optica! path has to be compared 
with the optical pathlength that beam 510 experiences 
when it passes through glass plate 403 in a non-tilted 
position. 

[0030] The difference of the optical paths of the non- 
tilted and tilted positions of glass plate 403 are a function 
of rotation angle 4> which is given by: 

W(<t>) = D(n-1)-nD/cos<j>' + DcosfWycosf 

where D is the length of a side of glass plate 403 and <t>' 
= arcsin(sin(((>)/n). The optical pathlength difference is a 
nonlinear function of 4>). 

[0031] However, sample beam 520 passes through 
glass plate 403 at a 45 degree angle relative to refer- 
ence beam 510. The pathlength variation of sample 
beam 520 due to rotating glass plate 403 is the same 
as has been set forth above for reference beam 51 0, but 
with an offset of n/4. However, the resulting pathlength 
variation for reference beam 510 and sample beam 520 
is substantially linear and, because of the symmetry of 
glass plate 403 and the fact that the angle between ref- 
erence beams 51 0 and sample beam 520 is substan- 
tially equal to 45 degrees, one obtains a symmetrical 
saw tooth like path variation. The pathlength difference 
velocity is equal to the product of the rate of change of 
W({|)) - W(<|>)-7i/4) with <t> multiplied by the angular velocity 
of glass plate 403. 

[0032] In preferred embodiments of the present in- 
vention beamsplitters 220 and 290 are dichroic beam- 
splitters which are known in the art for reflecting wave- 
lengths in the range of the sample beam and for trans- 
mitting other wavelengths. However, in alternative em- 
bodiments of the present invention, beamsplitters 220 
and 290 could be replaced by a minus filter which is 
known in the art which reflects only wavelengths in the 
range of the sample beam and transmits other wave- 
lengths. 

[0033] Those skilled in the art will recognize that the 
foregoing description has been presented for the sake 
of illustration and description only. As such, it is not in- 
tended to be exhaustive or to limit the invention to the 
precise form disclosed. For example, modifications and 
variations are possible in light of the above teaching 
which are considered to be within the spirit of the present 
invention. Thus, it is to be understood that the claims 
appended hereto are intended to cover all such modifi- 
cation and variations which fall within the scope of the 
invention. 



Claims 

1 . Apparatus for illuminating the fundus of an eye with 
a scanning sample beam of radiation, which appa- 
ratus comprises: 



a beam scanner (210) which is exposed to a 
sample beam to produce a scanning sample 
beam, 

5 . means for transferring (220; 290) radiation from 
the scanning sample beam, including chief rays 
of the sample beam which emerge from a point 
of final deflection of the beam scanner towards 
the eye, 

10 

- means for focusing (215; 120) the scanning 
sample beam to a spot at a position conjugate 
with the fundus of the eye, 

is - means for imaging (100; 100, 110) said spot on- 
to the fundus of the eye, 

characterized in that 

20 - said focusing means (21 5; 1 20) and said beam 
scanner (210) are mounted in a fixed relation- 
ship on a movable stage (213), the point of final 
deflection of the beam scanner (210) being lo- 
cated substantially in the back focal plane of the 

25 focusing means (21 5). 

2. The apparatus of claim 1 , wherein the means for 
imaging comprises an ocular lens (1 00) of a fundus 
camera (4000). 

30 

3. The apparatus of claim 2, wherein the means for 
transferring further comprises a beamsplitter (220) 
disposed to direct output form the focusing means 
(215) to the ocular lens (100). 

35 

4. The apparatus of claim 3, which further comprises 
a compensation plate (230) disposed in the fundus 
camera (4000) to compensate for shifting the opti- 
cal axis of the fundus camera (4000) by the beam 

40 splitter (220). 

5. Apparatus according to claim 1 wherein 

also the means of transferring (290) is fixed on 
45 said stage. 

6. The apparatus of claim 5, wherein said means for 
focusing (110, 120) comprises an internal focusing 
lens (120) of a fundus camera. 

50 

7. The apparatus of claim 6, wherein the means for 
transferring comprises a beamsplitter (290) dis- 
posed to direct the scanned sample beam to im- 
pinge upon the internal focusing lens (120). 

55 

8. The apparatus of claim 2 or 2 and 6 which further 
comprises a light stop means (1 70) disposed in an 
illumination path of the fundus camera (4000) to 
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provide a hollow cone of illumination radiation which 
impinges upon said ocular lens (1 00) of the fundus 
camera (4000). 

9. The apparatus of claim 2 or 6 which further com- 
prises linearly polarizing means disposed on an il- 
lumination path of the fundus camera (4000) to sub- 
stantially linearly polarize radiation in an illumina- 
tion beam (180), and linearly polarizing means dis- 
posed in an observation path of the fundus camera 
(4000), a direction of its linear polarization being 
substantially orthogonal to a direction of linear po- 
larization of the means disposed in the illumination 
means. 

10. The apparatus of claim 2 or 6 which further com- 
prises means for disposing a fixation target in an 
intermediate image of the fundus which is formed 
behind the ocular lens (100) in an illumination path 
of the fundus camera (4000). 

11. The apparatus of claim 6 which further comprises 
means for disposing a visible light source in an im- 
age plane of a video port of the fundus camera, the 
visible light source being movable, focusing 

12. Method for illuminating the fundus of an eye with a 
scanning sample beam of radiation, the scanning 
sample beam emerging from a beam scanner which 
is exposed to a sample beam, which method com- 
prises the steps of: 

transferring radiation from the scanned sample 
beam including chief rays of the sample beam 
which emerge from a point of final deflection of 
the beam scanner towards the eye, and 

focusing the transferred radiation so that the 
scanning sample beam is focused to a spot at 
a position conjugate with the fundus of the eye, 

imaging said spot onto the fundus, 

the step of focusing comprising focusing by a 
focusing means (215), said focusing means 
(215) and said beam scanner (210) being 
mounted on a movable stage (213) in a fixed 
relationship, the point of final deflection of the 
beam scanner (210) being located substantially 
in the back focal plane of the focusing means 
(215). 

13. Method according to claim 12 
wherein 

the step of transferring comprises transferring 
by a beam splitter (290) also fixed to said stage. 



PatentansprQche 

1. Vorrichtung zum Beleuchten des Hintergrunds ei- 
nes Auges mit einem scannenden Abtaststraht aus 

5 Strahlung, wobei die Vorrichtung folgendes urn- 
fasst: 

einen Strahlscanner (210), der einem Abtast- 
strahl ausgesetzt wird, urn einen scannenden 
10 Abtaststrahl zu erzeugen, 

Mittel zum Ubertragen (220; 290) von Strah- 
lung vom scannenden Abtaststrahl 
einschlieBlich Hauptstrahlen des Abtaststrahls, 
is die von einem Punkt der letzen Ablenkung des 

Strahlscanners zum Auge ausgehen, 

Mittel zum Fokussieren (215; 120) des scan- 
nenden Abtaststrahls auf einen Fleck an einer 
20 Position, die mit dem Hintergrund des Auges 

korrespondlert, 

- Mittel zum Abbilden (1 00; 1 00, 1 1 0) des Flecks 
auf den Hintergrund des Auges, 

25 

dadurch gekennzeichnet, dass das Fokussiermit- 
tel (215; 120) und der Strahlscanner (210) in einer 
festen Beziehung auf einer beweglichen Buhne 
(213) angebrachtsind und der Punkt der letzen Ab- 
30 lenkung des Strahlscanners (21 0) im wesentlichen 
in der hinteren Fokalebene des Fokussiermittels 
(215) gelegen ist. 

2. Vorrichtung nach Anspruch 1 , wobei das Mittel zum 
35 Abbilden eine Okularlinse (1 00) einer Augenhinter- 

grundkamera (4000) umfaBt. 

3. Vorrichtung nach Anspruch 2, wobei das Mittel zum 
Ubertragen femer einen Strahlteiler (220) umfaBt, 

40 der angeordnet ist, urn den Ausgang vom Fokus- 
siermittel (215) zur Okularlinse (100) zu lenken. 

4. Vorrichtung nach Anspruch 3, die ferner eine Aus- 
gleichsplatte (230) umfaBt, welche in der Augenhin- 

45 tergrundkamera (4000) angeordnet ist, urn das Ver- 
schieben der optischen Achse der Augenhinter- 
grundkamera (4000) durch den Strahlteiler (220) 
auszugleichen. 

50 5. Vorrichtung nach Anspruch 1 , wobei das Mittel zum 
Ubertragen (290) ebenfalls auf der Buhne fixiert ist. 

6. Vorrichtung nach Anspruch 5, wobei das Mittel zum 
Fokussieren (110, 120) eine interne Fokussieriinse 

55 (120) einer Augenhintergrundkamera umfaBt. 

7. Vorrichtung nach Anspruch 6, wobei das Mittel zum 
Ubertragen einen Strahlteiler (290) umfaBt, der an- 
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geordnet ist, um den scannenden Abtaststrahl so 
zu lenken, daB er auf die interne Fokussierlinse 
(120) auftrifft. 

8. Vorrichtung nach Anspruch 2 Oder 2 und 6, die fer- 
nerein Lichtsperrmittel (170) umfaBt, das in einem 
Beleuchtungsweg der Augenhintergrundkamera 
(4000) angeordnet ist, um einen Hohlkegel aus Be- 
leuchtungsstrahlung bereitzustellen, der auf die 
Okularlinse (100) der Augenhintergrundkamera 
(4000) auftrifft. 

9. Vorrichtung nach Anspruch 2 oder 6, die ferner ein 
linear polarisierendes Mittel, das auf einem Be- 
leuchtungsweg der Augenhintergrundkamera 
(4000) angeordnet ist, um Strahlung in einem Be- 
leuchtungsstrahl (180) im wesentlichen linear zu 
polarisieren, und ein linear polarisierendes Mittel 
umfaBt, das in einem Beobachtungsweg der Au- 
genhintergrundkamera (4000) angeordnet ist, wo- 
bei eine Richtung seiner linearen Polarisation im 
wesentlichen rechtwinklig zu einer Richtung der li- 
nearen Polarisation des im Beleuchtungsmittel an- 
geordneten Mittels ist. 

10. Vorrichtung nach Anspruch 2 oder 6, die ferner ein 
Mittel zum Anordnen eines Fixierungsziels in einem 
Zwischenbild des Augenhintergrunds, das hinter 
der Okularlinse (100) in einem Beleuchtungsweg 
der Augenhintergrundkamera (4000) gebildet wird, 
umfaBt. 

11. Vorrichtung nach Anspruch 6, die femer ein Mittel 
zum Anordnen einer Quelle von sichtbarem Licht in 
einer Bildebene eines Videoanschlusses der Au- 
genhintergrundkamera umfaBt, wobei die Quelle 
von sichtbarem Licht beweglich ist. 

12. Verfahren zum Beleuchten des Hintergrunds eines 
Auges mit einem scannenden Abtaststrahl aus 
Strahlung, wobei der scannende Abtaststrahl von 
einem Strahlscanner ausgeht, der einem Abtast- 
strahl ausgesetzt wird, wobei das Verfahren die fol- 
genden Schritte umfasst: 

Ubertragen von Strahlung vom scannenden 
Abtaststrahl einschlieBlich Hauptstrahlen des 
Abtaststrahls, die von einem Punkt der letzten 
Ablenkung des Strahlscanners zum Auge aus- 
gehen; und 



grund, 

wobei der Schritt des Fokussierens das Fokussie- 
ren durch ein Fokussiermittel (215) umfasst, das 

s Fokussiermittel (215) und der Strahlscanner (210) 
in einer festen Beziehung auf einer beweglichen 
Buhne (213) angebracht sind und der Punkt der let- 
zen Ablenkung des Strahlscanners (210) im we- 
sentlichen in der hinteren Fokalebene des Fokus- 

10 siermittels (215) gelegen ist. 

13. Verfahren nach Anspruch 12, wobei der Schritt des 
Ubertragens das Ubertragen durch einen Strahltei- 
ler (290) umfaBt, der ebenfalls auf der Buhne fixiert 
is ist. 



Revendicatlons 

20 1. Appareil pour eclairerle fond d'un oeil avecun fais- 
ceau de rayonnement d'echantillonnage par ba- 
layage, lequel appareil comprend : 

un scanner par faisceau (210) qui est expose 
25 & un faisceau d'echantillonnage afin de produi- 

re un faisceau d'echantillonnage par balayage, 

un moyen pour transferer (220; 290) le rayon- 
nement du faisceau d'echantillonnage par ba- 
30 lavage, y compris des rayons principaux du 

faisceau d'echantillonnage qui emergent d'un 
point de deviation finale du scanner par fais- 
ceau vers I'oeil, 

35 un moyen pour focal iser (21 5 ; 1 20) le faisceau 

d'echantillonnage par balayage sur un point au 
niveau d'une position conjuguee avec le fond 
de I'oeil, 

40 - un moyen pour imager (100; 100, 110) ledit 
point sur le fond de I'oeil, 

caracterise en ce que 

45 - ledit moyen de focalisation (215 ; 120) et ledit 
scanner par faisceau (21 0) sont montes en re- 
lation fixe sur une platine mobile (213), le point 
de deviation finale du scanner par faisceau 
(21 0) etant situe substantiellement dans le plan 

so focal arriere du moyen de focalisation (215). 



Fokussieren der ubertragenen Strahlung, so 2. 
dass der scannende Abtaststrahl auf einen 
Fleck an einer Position, die mit dem Hinter- 
grund des Auges korrespondiert, fokussiert 55 
wird, 3. 

Abbilden des Flecks auf dem Augenhinter- 



Appareil selon la revendication 1, dans leque! le 
moyen pour imager comprend une lentille oculaire 
(100) d'une camera de fond (4000). 

Appareil selon la revendication 2, dans lequel le 
moyen de transfert comprend en outre un diviseur 
de faisceau (220) dispose pour dinger la sortie du 
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moyen defocalisation (215) vers la lentille oculaire 
(100). 

4. Appareil selon la revendication 3, qui comprend en 
outre une plaque de compensation (230) disposee 
dans la camera de fond (4000) afin de compenser 
!e decalage de i'axe optique de la camera de fond 
(4000) par le diviseur de faisceau (220). 

5. Appareil selon la revendication 1 , dans lequel le 
moyen de transfert (290) est aussi fixe sur ladite 
platine. 

6. Appareil selon la revendication 5, dans lequel (edit 
moyen de focalisation (1 1 0, 1 20) comprend une len- 
tille de focalisation interne (120) d'une camera de 
fond. 

7. Appareil selon la revendication 6, dans lequel le 
moyen de transfert comprend un diviseur de fais- 
ceau (290) dispose pour dinger le faisceau d'echan- 
tillonnage anime d'un mouvement de balayage afin 
qu'il frappe la lentille de focalisation interne (120). 

8. Appareil seion la revendication 2 ou 2 et 6, lequel 
comprend en outre un moyen d'arret de lumiere 
(170) dispose dans un trajet d'eclairage de la ca- 
mera de fond (4000) afin de fournir un cone creux 
de rayonnement d'eclairage qui frappe ladite lentille 
oculaire (100) de la camera de fond (4000). 

9. Appareil selon la revendication 2 ou 6, lequel com- 
prend en outre un moyen de polarisation lineaire 
dispose sur un trajet d'eclairage de la camera de 
fond (4000) en vue de polariser substantiellement 
lineairement ie rayonnement dans un faisceau 
d'eclairage (180), et un moyen de polarisation li- 
neaire dispose dans un trajet d'observation de la ca- 
mera de fond (4000), une direction de sa polarisa- 
tion lineaire etant substantiellement orthogonale a 
un sens de polarisation Iin6aire du moyen dispose 
dans le moyen d'eclairage. 

10. Appareil selon la revendication 2 ou 6, lequel com- 
prend en outre un moyen pour disposer une cible 
de fixation dans une image intermediate du fond 
qui est formee derriere la lentille oculaire (1 00) dans 
un trajet d'eclairage de la camera de fond (4000). 

11. Appareil selon la revendication 6, lequel comprend 
en outre un moyen pour disposer une source de lu- 
miere visible dans un plan d'image d'un port video 
de la camera de fond, la source de lumiere visible 
etant deplacable. 

1 2. Procede pour eclairer le fond d'un oeil avec un fais- 
ceau de rayonnement d'echantillonnage par ba- 
layage, le faisceau d'echantillonnage par balayage 



emergeant d'un scanner par faisceau qui est expo- 
se a un faisceau d'echantillonnage, lequel procede 
comprend les Stapes de : 

5 - transfert du rayonnement du faisceau d'echan- 
tillonnage anime d'un mouvement de balayage, 
y compris des rayons principaux du faisceau 
d'echantillonnage qui emergent d'un point de 
deviation finale du scanner par faisceau vers 

10 I'oeil, et 

focalisation du rayonnement transfer^ de telle 
sorte que le faisceau d'echantillonnage par ba- 
layage soit focalise vers un point au niveau 
15 d'une position conjuguee avec le fond de I'oeil, 

imager ledit point sur le fond de I'oeil, 

I'etape de focalisation comprend la focalisation 
20 par un moyen defocalisation (215), ledit moyen 

de focalisation (215) et ledit scanner par fais- 
ceau (21 0) etant montes sur une platine mobile 
(213) en relation fixe, le point de deviation finale 
du scanner par faisceau (210) etant situesubs- 
25 tantiellement dans le plan focal arriere du 

moyen de focalisation (215). 

13. Procede selon la revendication 12, dans lequel 

30 - I'etape de transfert comprend le transfert par un 
diviseur de faisceau (290) £galement fixe a la- 
dite platine. 
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